A popular model in the literature postulates an interest rate rule, a NAIRU price equation, and an aggregate demand equation in which aggregate demand depends on the real interest rate. In this model a positive inflation shock with the nominal interest rate held constant is explosive because it increases aggregate demand (because the real interest rate is lower), which increases inflation through the price equation, which further increases aggregate demand, and so on. In order for the model to be stable, the nominal interest rate must rise more than inflation, which means that the coefficient on inflation in the interest rate rule must be greater than one.
Introduction
At least since Lucas's (1976) critique of macroeconometric models, macroeconomics has been in a state of flux. Beginning in the 1970's, macroeconomic research scattered in a number of directions, and many have puzzled as to whether the field is going anywhere. Recently, however, a particular view of macroeconomics has emerged that some see as a convergence. Taylor (2000, p. 90), for example, states:
…at the practical level, a common view of macroeconomics is now pervasive in policy-research projects at universities and central banks around the world. This view evolved gradually since the rationalexpectations revolution of the 1970's and has solidified during the 1990's. It differs from past views, and it explains the growth and fluctuations of the modern economy; it can thus be said to represent a modern view of macroeconomics.
This view is nicely summarized in Clarida, Galí, and Gertler (1999), and it is used in Clarida, Galí, and Gertler (2000) to examine monetary policy rules. Taylor (2000, p. 91) points out that virtually all the papers in Taylor (1999a) use this view and that the view is widely used for policy evaluation in many central banks. Romer (2000) proposes a way of teaching this view at the introductory level.
The view is based on the following three equations:
1. Interest Rate Rule: The Fed adjusts the nominal interest rate in response to inflation and the output gap (deviation of output from potential). 1 The nominal interest rate responds positively to inflation and the output gap. The coefficient on inflation is greater than one, and so the real interest rate rises when inflation rises.
Price Equation:
Inflation depends on the output gap, cost shocks, and expected future inflation.
Aggregate Demand Equation:
Aggregate demand (real) depends on the real interest rate, expected future demand, and exogenous shocks. The real interest rate effect is negative.
This basic model is, of course, a highly simplified view of the way the macroeconomy works, as everyone would admit. Many details have been left out. If, however, the model captures the broad features of the economy in a fairly accurate way, the lack of detail is not likely to be serious for many purposes; the details can be filled in when needed. The 'modern' view of macroeconomics is that the broad features of the economy have been adequately captured by this model. It is argued in this paper that the modern-view model has not adequately captured the effects of inflation shocks on the economy. The aggregate demand equation implies that an increase in inflation with the nominal interest rate held constant is expansionary (because the real interest rate falls). The model is in fact not stable in this case because an increase in output increases inflation through the price equation, which further increases output through the aggregate demand equation, and so on. In order for the model to be stable, the nominal interest rate must rise more than inflation, which means that the coefficient on inflation in the interest rate rule must be greater than one. Because of this feature, some have criticized Fed behavior in the 1960s and 1970s as following in effect a rule with a coefficient on inflation less than one-see, for example, Clarida, Galí, and Gertler (1999) and Taylor (1999b) .
The argument in this paper is in three parts. First, it will be seen that the data support the use of nominal rather than real interest rates in aggregate expenditure equations. This implies that if inflation increases more than the nominal interest rate, this is not necessarily expansionary. Second, if the percentage increase in nominal household wealth from a positive inflation shock is less than the percentage increase in the price level, which the evidence suggests is the case, there is a fall in real household wealth. A fall in real household wealth has, other things being equal, a negative effect on real household expenditures. Third, there is evidence that wages lag prices, and so a positive inflation shock results in an initial fall in real wage rates and thus real labor income. A fall in real labor income has, other things being equal, a negative effect on real household expenditures.
If these three features are true, they imply that a positive inflation shock has a negative effect on aggregate demand even if the nominal interest rate is held constant. Not only does the Fed not have to increase the nominal interest rate more than the increase in inflation for there to be a contraction, it does not have to increase the nominal rate at all! The inflation shock itself will contract the economy through the real wealth and real income effects.
Section 2 discusses the evidence in favor of the use of nominal over real interest rates in expenditure equations. Section 3 discusses the real wealth effect, and Section 4 discusses the real income effect. Section 5 uses a multicountry econometric model (the MC model 2 ) to estimate the overall effect of an inflation shock on the economy. It will be seen that a positive inflation shock with the nominal interest rate held constant is contractionary in this model.
Nominal versus Real Interest Rate Effects
This section uses consumption and investment equations in the MC model to test for nominal versus real interest rate effects. It is important to stress that these are not tests using the aggregate demand equation of the modern-view model. The argument here is that if in consumption and investment equations, equations explaining the two major components of aggregate demand, nominal rather than real interest rates matter, then it seems unlikely that the use of the real interest rate in the aggregate demand equation is a good specification.
It should also be stressed that this is not an atheoretical exercise: there is theory behind the consumption and investment equations. The Cowles Commission approach to macroeconometric model building, which is followed for the MC model, is to estimate decision equations, or at least approximations to decision equations. Theory is used to determine left and right hand side variables, i.e., to guide the specification of the equations to be estimated, and then techniques like two stage least squares (2SLS) are used to estimate the equations. Part of the specification concerns expectation formation, and one option is to assume that expectations are rational (i.e., model consistent).
The theory behind the consumption and investment equations in the MC model is that households maximize expected lifetime utility and that firms maximize the present discounted value of expected future profits. The theoretical model is discussed in detail in Fair (1994) , and this discussion will not be repeated here. The variables that determine the optimal current period consumption decision include the lagged value of wealth, current and expected future income, and current and expected future interest rates. For the empirical specification expectations of future values are assumed to be a geometrically declining function of current and past values, which introduces the lagged dependent variable as an explanatory variable in the equations. In addition, the equations are estimated by 2SLS, and one can, for example, think of the predicted values of income from the first stage regressions as representing the predictions of the households. In other words, households can be assumed to use the first stage regressions to predict income. 3 The variables that determine the optimal current period investment decision include the lagged value of the capital stock, current and expected future values of output, and current and expected future interest rates. Expectations are treated in a similar way as they are for consumption. The aim of the tests in this section is to see if the interest rates that households and firms use are better approximated by nominal or real rates.
In The results of the tests are presented in Tables 1 and 2 . In Table 1 the p-value is presented for each equation and each measure ofṗ e t . Table 2 presents estimates of both α and β for each case. It also presents the estimate of α when no measure ofṗ e t is included, which is the specification used in the MC model. As mentioned above, other variables in the household expenditure equations include real income, lagged real wealth, and lagged expenditures. In the three consumption equations for the United States age distribution variables are added, and in the durable consumption equation for the United States the lagged stock of durable goods is added. In the housing investment equation for the United States • Quarterly countries: P t = price level for quarter t the lagged stock of housing is added. Output and lagged investment are the other main explanatory variables in the investment equations for the other countries. 4 The U.S. household expenditure equations and the consumption equations of the other countries are in per capita terms. All the equations are in log form except for the U.S. durable consumption and housing investment equations. For these latter two equations the interest rates and expected inflation measures are multiplied by an exogenous scale variable before being included in the equation. The equations are estimated by 2SLS, where the first stage regressors are the main predetermined variables for the given country. For example, the right hand side endogenous variables in the consumption of services equation for the United States are income, the interest rate, and, when added, the expected inflation measure. The coefficients in this equation are identified by the assumption that the predetermined variables affect income and the interest rate and are uncorrelated with the error term in the equation. The predetermined variables that are used as first stage regressors for this equation include the current values of three government variables (purchases of goods, purchases of labor, and transfer payments excluding unemployment benefits), the lagged value of a tax rate variable, and the lagged values of income, the interest rate, the unemployment rate, the inflation rate, wealth, and the inventory sales ratio. There are a total of 22 first stage regressors for this equation. The other equations have roughly this number of first stage regressors. Tests of overidentifying restrictions have been performed for all the U.S. stochastic equations, and for none of the equations is the hypothesis that the first stage regressors are uncorrelated with the structural error term rejected at the 95 percent confidence level. Also, the test results in Table 1 are not sensitive to the choice of first stage regressors: adding or subtracting a few predetermined variables makes little difference.
Under standard assumptions the 2SLS estimates are consistent. Also, as discussed above, the predicted values from the first stage regressions can be interpreted as predictions of the agents in the economy. For example, both i t andṗ e t are treated as endogenous in the 2SLS estimation, and the agents can be assumed to have used the first stage regressions for i t andṗ e t for their predictions. These predictions use the information in the predetermined variables in the model. This interpretation is important when considering the use of P t+1 in one of the measures ofṗ e t . Agents in effect are assumed to form predictions of P t+1 by running first stage regressions.
In most cases a long term interest rate is used, although for a few countries only a short term interest rate is available. The long term interest rate used for the United States is a mortgage rate for the household expenditure equations. A short term rate is used for the U.S. consumption of services equation.
The results for the real interest rate specification are in the left half of Table 2 presents the estimates of α and β. It also presents in the last column the estimate of α whenṗ e t is not included (i.e., when β is constrained to be zero). An interesting question is whether most of the estimates of β are positive. The right half of Table 1 shows that most estimates are not significant, but if most estimates are positive, this would be some evidence in favor of a real interest rate effect (or at least of expected inflation having a positive effect on demand). Table 2 shows that for the United States only 1 of the 16 estimates of β is positive. For the other quarterly countries 38 of the 72 estimates are positive, and for the annual countries 17 of the 33 estimates are positive. Of the positive coefficients, 13 have t-statistics greater than 2.0, and of the negative coefficients, 18 have t-statistics less than -2.0. There is thus more or less an even mix of positive and negative estimates of β except for the United States, where the negative estimates dominate.
Overall, the nominal interest rate specification clearly dominates the real interest rate specification. Why this is the case is an interesting question. One possibility is thatṗ e t is simply a constant, so that the nominal interest rate specification is also the real interest rate specification (with the constant absorbed in the constant term of the equation). If, for example, agents think the monetary authority is targeting a fixed inflation rate, this might be a reason forṗ e t being constant. 5 Whatever the case, the empirical results do not favor the use of i t −ṗ e t in aggregate expenditure equations whenṗ e t depends on current and recent values of inflation.
Real Wealth Effects
A second possible problem with the aggregate demand equation of the modernview model is the omission of real wealth. Household wealth is a channel through which an inflation shock may have a negative effect on aggregate demand. This channel exists if real household wealth affects real household expenditures and nominal household wealth does not change in percentage terms one for one with the price level. In many structural macroeconometric models real household wealth is an explanatory variable in household expenditure equations. In the MC model, for example, real household wealth appears in the four U.S. household expenditure equations discussed in the previous section.
Nominal household wealth in the MC model does not increase in percentage terms one for one with the price level. U.S. household wealth changes when the saving of the U.S. household sector changes and when there is a change in the value of corporate equities held. Most of the variation of wealth is from the variation in equity values (stock prices), not from the variation in saving. The key question in the present context is thus how inflation shocks affect stock prices. If the price of a stock is assumed to be the present discounted value of expected future earnings, one needs to estimate how stock prices change when expected future discount rates and earnings change.
In the MC model the capital gains (+) or losses (-) on the equity holdings of U.S. households (denoted CG t ) is constructed from data from the U.S. Flow of Funds accounts. CG t is highly correlated with the change in the S&P 500 stock price index. When CG t /GDP t−1 is regressed on (SP t − SP t−1 )/GDP t−1 , where SP t is the value of the S&P 500 index at the end of quarter t and GDP t−1 is the value of nominal GDP in quarter t − 1, the results are: 
These equations were estimated by 2SLS, with the first stage regressors being the main predetermined variables for the United States. The signs of the coefficient estimates in the two equations are as expected, although very little variance of the variables has been explained, with R 2 's of only .018 and .015. In addition, the coefficient estimates for the profit variable are insignificant. Other explanatory variables were tried in equation (2), including various measures of inflation, but no significant variables could be found other than the change in the bond rate. Equation (2) is used for the results in Section 5.
Real Income Effects
A third possible problem with the aggregate demand equation of the modern-view model is the omission of real income effects. If a shock increases prices more than wages in the short run, there is a fall in real wages and thus real income, and this has a negative effect on real household expenditures. The omission of wages from the modern-view model can be traced back to the late 1970s, where there began a movement, led by Robert J. Gordon, away from the estimation of structural price and wage equations to the estimation of reduced form price equations (i.e., price equations that do not include wage rates as explanatory variables). 6 This line of research evolved to the estimation of "NAIRU" equations, where the inflation rate depends on the expected future inflation rate, the deviation of the unemployment rate from its natural rate (the NAIRU value), and cost shocks. The expected future inflation rate is usually taken to depend on past inflation rates, where the coefficients on the past rates sum to one. An output gap measure may be substituted for the deviation of the unemployment rate from its natural rate. Equations of this type represent the modern view.
A more structural approach is to specify a price equation with the wage rate as one of the explanatory variables and a wage rate equation with the price level as one of the explanatory variables, where the two equations are estimated by a technique like 2SLS to account for simultaneity bias. In Fair (2000) a structural price and wage model was compared to the NAIRU model, and the results supported the structural model over the NAIRU model. 7 The MC model has estimated price and wage equations for each country. These equations have the property that a cost shock, such as an increase in the price of oil, affects prices more than wages initially, so that a positive shock results in an initial fall in the real wage. These equations are used in the next section.
Estimated Effects in the MC Model of a Positive Inflation Shock
This section examines the effects of a positive U.S. inflation shock in the MC model. This model 1) uses nominal interest rates in the expenditure equations, 2) accounts for real wealth effects, 3) has structural price and wage equations in which a positive inflation shock like an oil price shock initially lowers the real wage, and 4) accounts for real income effects. Given the discussion in the previous sections, one would expect a positive inflation shock with the nominal interest rate held constant to be contractionary in the model, which it will be seen is the case. To examine the effects of an inflation shock in the model, the following experiment was run. The period used is 1994:1-1998:4, 20 quarters. The first step was to add the estimated (historical) errors to the model and take them to be exogenous. This means that when the model is solved using the actual values of all the exogenous variables, a perfect tracking solution results. The base path for the experiment is thus just the historical path. Then the constant term in the U.S. price equation was increased by .005 (.50 percentage points) from its estimated value. 8 Also, the estimated interest rate rule for the Fed was dropped, and the nominal short term interest rate was taken to be exogenous for the United States. The model was then solved. The difference between the predicted value of each variable and each period from this solution and its base (actual) value is the estimated effect of the (i.e., as inflation rates). These two restrictions were tested for the United States in Fair (2000) and rejected. The results suggest that price equations should be specified in terms of price levels with no restrictions on the coefficients of the past price levels. The long run dynamic properties of the NAIRU specification are thus subject to some doubt. For purposes of the present paper, however, the main point is that because of its reduced form nature, the NAIRU specification ignores wage and price interactions. 8 Note that this is a shock to the price equation, not to the wage equation. It is similar to an increase in the price of oil. In the MC model an increase in the price of oil (which is exogenous) increases the U.S. price of imports, which is an explanatory variable in the U.S. price equation. Either an increase in the constant term in the price equation or an increase in the price of oil leads to an initial fall in the real wage because wages lag prices. If the shock were instead to the wage equation, there would be an initial rise in the real wage, which would have much different effects.
price-equation shock. Remember that this is an experiment in which there is no change in the U.S. short term nominal interest rate because the U.S. interest rate rule was dropped. There is also no effect on U.S. long term nominal interest rates because they depend only on current and past U.S. short term nominal interest rates.
Selected results from this experiment are presented in Table 3 . The main point for present purposes is in row 1, which shows that real GDP falls: the inflation shock is contractionary. The rest of this section is simply a discussion of some of the details.
Row 2 shows the effects of the change in the constant term in the price equation on the price level. The price level is .52 percent higher than its base value in the first quarter, 1.00 percent higher in the second quarter, and so on through the twentieth quarter, where it is 4.44 percent higher. (The shock to the price equation accumulates over time because of the lagged dependent variable in the equation.) Row 3 versus row 2 shows that the nominal wage rate rises less than the price level, and so there is a fall in the real wage rate. Row 4 shows that real disposable income falls. (Although not shown, nominal disposable income increases.) Real disposable income falls because of the fall in the real wage rate and because some nonlabor nominal income, such as interest income, rises less in percentage terms than the price level.
The change in nominal profits is higher (row 5), and this in turn leads to a small increase in capital gains (CG) for the household sector (row 6). (This is equation (2) in Section 3 at work.) For example, the increase in capital gains in the first quarter is $16.4 billion. (CG is not affected by any nominal interest rate changes because there are none.) The increase in CG leads to an increase in nominal household wealth (not shown), but row 7 shows that real household wealth is lower. This means that the percentage increase in nominal household wealth is smaller than the percentage increase in the price level. Put another way, equation (2) in Section 3 does not lead to a large enough increase in CG to have real household wealth rise.
The fall in real income and real wealth leads to a fall in the four categories of household expenditures (rows [8] [9] [10] [11] . Nonresidential fixed investment is lower (row 12), which is a response to the lower values of output.
Rows 13 and 14 present the Japanese and German nominal exchange rates relative to the U.S. dollar. (An increase in a rate is a depreciation of the currency.) The two currencies appreciate relative to the dollar. This is because the U.S. price • All variables but 13 and 14 are for the United States.
• • Changes are in percentage points except for and CG, which are in billions of dollars.
• Simulation period is 1994. 1-1998.4. level rises relative to the Japanese and German price levels, which leads, other things being equal, to an appreciation of the yen and deutsche mark through the estimated equations for two exchange rates.
Row 15 shows that the U.S. import price level rises, which is due to the depreciation of the dollar, and row 16 shows that the U.S. export price level rises, which is due to the increase in the overall U.S. price level.
The real value of imports in the model responds negatively to the import price level relative to the domestic price level and positively to real income. Row 17 shows that the real income effect dominates. The negative effect from the fall in real income dominates the positive effect from the fall in the price of imports relative to the domestic price level. The real value of U.S. exports is lower (row 18), which is due to a higher relative U.S. export price level. (The export price level increases more than the dollar depreciates, and so U.S. export prices in other countries' currencies increase.) Even though the real value of U.S. exports is lower, there is an improvement in the nominal U.S. current account (row 19). This improvement is initially due to the higher U.S. export price level (a J curve type of effect) and later to the fact that the real value of U.S. imports falls more than does the real value of U.S. exports. In other words, the contractionary U.S. economy helps improve the U.S. current account because of the fall in imports.
The MC model is not constrained to have long run steady state values. Regarding long run effects, the present experiment is somewhat artificial because of the dropping of the estimated interest rate rule of the Fed. The rule has the property that, other things being equal, the Fed will lower the nominal interest rate when the U.S. economy contracts. This will then help bring the economy out of the contraction. The present experiment is merely meant to show what would be the case if the rule were dropped. In practice, of course, the Fed would react.
Rational Expectations
Expectations are not rational in the version of the MC model used for the experiment in the previous section. The rational expectations (RE) assumption has been tested for many of the equations of the MC model, 9 and very little support has been found. Nevertheless, RE versions of the MC model have been analyzed using the extended path solution method in Fair and Taylor (1983, 1990) , and for many experiments these versions have similar properties to those of non RE versions.
The RE assumption mostly changes the timing of the effects. If, for example, it is assumed in the MC model that U.S. households have rational expectations regarding future real income, it is still the case that a positive inflation shock has a negative effect on current household expenditures. The effect is in fact larger under the RE assumption, since real income is lower in the future as well as the present and households know this and thus cut back expenditures more now. None of the main points about the MC model's properties in Section 5 hinge on whether or not expectations are rational.
The FRB/US Model
The FRB/US model-Federal Reserve Board (2000)-is sometimes cited as a macroeconometric model that is consistent with the modern view (see, for example, Taylor (2000) , p. 91). This model has strong real interest rate effects. In fact, if government spending is increased in the FRB/US model with the nominal interest rate held constant, real output eventually expands so much that the model will no longer solve. 10 The increase in government spending raises inflation, which with nominal interest rates held constant lowers real interest rates, which leads to an unlimited expansion. The model is not stable unless there is a nominal interest rate rule that leads to an increase in the real interest rate when inflation increases.
It may seem puzzling that two macroeconometric models could have such different properties. Given the empirical results in Sections 2 and 3, how can it be that the FRB/US model finds such strong real interest rate effects? The answer is that many restrictions have been imposed on the model that have the effect of imposing large real interest rate effects. In most of the expenditure equations real interest rate effects are imposed rather than estimated. Direct tests of nominal versus real interest rates like the one used in Section 2 are not done, and so there is no way of knowing what the data actually support in the FRB/US expenditure equations.
Large stock market effects are also imposed in the FRB/US model. Contrary to the estimate of equation (2) in Section 3, which shows fairly small effects of nominal interest rates and nominal earnings on stock prices, the FRB/US model has extremely large effects. A one percentage point decrease in the real interest rate leads to a 20 percent increase in the value of corporate equity (Reifschneider, Tetlow, and Williams (1999), p. 5). At the end of 1999 the value of corporate equity was about $20 trillion (using data from the U.S. Flow of Funds accounts), and 20 percent of this is $4 trillion. There is thus a huge increase in nominal household wealth for even a one percentage point decrease in the real interest rate. A positive inflation shock with the nominal interest rate held constant, which lowers the real interest rate, thus results in a large increase in both nominal and real wealth in the model. The increase in real wealth then leads through the wealth effect in the household expenditure equations to a large increase in real expenditures. This channel is an important contributor to the model not being stable when there is an increase in inflation greater than the nominal interest rate. Again, this stock price effect is imposed rather than estimated, and so it is not necessarily the case that the data are consistent with this restriction. The empirical work in Section 3 does not find large increases in stock prices in response to changes in interest rates and earnings, certainly nothing close to what is imposed in the FRB/US model.
There is thus no puzzle about the vastly different properties of the two models. It is simply that important real interest rate restrictions have been imposed in the FRB/US model and not in the MC model. One of the main points of this paper is that the data do not appear to support these restrictions.
Conclusion
The results in this paper suggest that a positive inflation shock with the nominal interest rate held constant is contractionary, contrary to the properties of the modern-view model. If this is true, it has important implications for monetary policy. If a positive inflation shock is contractionary with the nominal interest rate held constant, the coefficient on inflation in the nominal interest rate rule need not be greater than one for the economy to be stable. Or if one is concerned with optimal policies, the optimal response by the Fed to an inflation shock is likely to be much smaller if inflation shocks are contractionary than if they are expansionary.
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